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I.—INTRODUCTION. 

The Darling Scarp (Jntson, 1934, p. 84) is a prominent physiographic 
feature of the country near Perth. It forms the western edge of the Western 
Australian Pre-Cambrian plateau, which stands about 1,090 feet above sea 
level, and which is made up mainly of granitic rocks with later doleritie 
intrusions. We.st from this scarp and extending to the coast is a compara¬ 
tively flat coastal plain underlain by Cainozoic and Recent sediments and 
bordered along the coast by Recent sand dunes (Clarke, 1926). 

On the western face of the scarp a series of steeply dipping slaty 
sediments which form a narrow band between the granitic rocks and the 
younger* horizontal sediments of tlie coastal [dain is devyloped in a number 
of places extending from Gosnells and Kelmscott in the north to at least 
as far .south as Mundi.jong (Honman, 1912 and Esson, 1927). These slaty 
■sediments have been referreil to as the Cardup Series (Clarke, 19.i0, table, 
j). 187) and they are considered liy both Clarke (loo. eit.) and Forman (19.37, 
p. xxiv.-xxv.) to he contemporaneons witli the Jimjierding Serie.s of ^ ilgarn 
(early Pre-Cambrian) age and therefore older than the granites and granilic 
gneisses of the Darling Range. Eoianan (19.3/, p. xxiv.) says that the 
structures in the Cardup Series hdweeii Ivehnscott and Minidijong conform 
to the local structures in the adjoining gneisses and suggests that the gneisses 
are, in part, of the same age as the Cai-dup Series and owe their origin to 
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Figure 1. 

Geological skcteli m:t|) of the country botwon Upper Swan and Mundijong 
and extending to the coast, showing localiliea mentioned in the text. 


The present investigation was nnclertaken to determine if possible,, 
whethei' this ‘^granitisation” of the Cardnp Series has actually taken place 
and to determine the relative age of the granitic gTcisses and the slaty sedi¬ 
ments of the Cardnp Series. I am indebted to Mr. H. A. Ellis, Assistant 
Government Geologist of Western Au.stralia, for suggesting that the possi¬ 
bility of granitisation of the Cardnp sediments should be investigated. 

Tlie area e.xamined in detail is situated on the Darling Scarp just .south 
of the Xarrogin Inn at Armadale, some 19 miles south-east from Perth 
(fig. 1). It mea.snres only about Yo mile mile, but outcrops are fairly 

abundant; fresh examples of both the .sedimentaiy and granitic rocks are 
obtainable in the two quarries; and most of the rock types that have been 
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noted elsewhere in tlie vicinity of the Darling' Scarp are dcvelojied. This 
small area is therefore perhaps the most suitable place to commence a de¬ 
tailed study of the petrology and structure of the Scarp. 

II. GEOLOGY. 

(1) The field distribution and age relations of the rocks. 

The eastern half of the area (Plato 1) is occupied by granitie gneisses 
ill wlileli there appear to be two distinct groniis: 

(i) The line banded granitic gnei.sses forming the western edge of the 
granitic rocks. These form a band a|)]jro.\iniately 8 chains wide which 
trends 350° parallel to the contact of the gTaiiitic rock.s and the Cardup sedi¬ 
ments. The foliation in these gneisses strikes pai'allel to the gneiss-sediment 
contact and dips at 50° to 60° towards the east. These gneisses appear to 
be uniform and granitic in character throughout the whole band and no¬ 
where were they found to carry xeuolithic inclusions as do the hybrid 
gneisses farther to the east. Contortion of the gneissic handing is visible 
in places and in other places the banding may be almost invisible, the rocks 
thei'e being indistinguishable from massive granites. 

(ii) The hybrid gneisses which occupy all the area to the east of (i). 
These gneisses have a general .strike of 25° and dip at angles of 40° to 60° 
to the east. They are be.st exposed in the Roads Board quarry in the north¬ 
eastern eorner of the area. 

The rocks in this ([uarry and their fidd relations will be described in 
some detail as it is cleai- here that there have been tivo distinct periods of 
granite intrusion, the evidimce for which periods of granite intinsion in the 
Pre-Cambrian history of Western Australia has been accumulating during 
recent years (Mile.s, lOdS, p. 36; Prider, 1938, jn 101, and 1939, p. 93; 
Ellis, 19.39, ]). 9]j. 

The rocks developed and their H<'ld relations as seen in this quarry are:— 

(a) Dark coloured biotite-epidote-hornblende hornfelses. These rocks 
are well developed on the southern wall of the quarry where they apjiear 
to form a flat lying band in a inori' granitic gneiss (h) which is crowded 
with xenoliths of this dark green hornfels. On the we.stern wall of the 
quarry, just iiLside the entrance the l)iotite-epidote-hornblende hoiTifels 
occurs as numerous xenoliths ui) to 12 inches diameter accompanied by 
xenoliths of coarsely granular quartz ("? fjuartzito) in a hybridi.sed gneiss 

(b) (plate 2, tig. 1). This dark colouri'd hoimfels (together with the quartz 
xenoliths) is dearly the oldest rock exposed in the quaiTy. 

(b) Mesocratic hybrid augeii gneisses. These form the base in which 
the xenoliths (de.scribed above) occur. They are well banded coarsely granu¬ 
lar roelcs, often exhibiting angeii structure.s and are comim.sed of (piartz 
and felspar with thin lenticular dark eolonred bands, which under the mioio- 
scope are seen to be remnants of the biotite-e])idote-hornblende hornfels 
and they appear to have I'esulted from the intrusion of granitic inatei'ial 
into the hiotit«*-e|)idote-ho)'nblende rocks (see under petrology)—this rock 
thus represents the first period of granite intrusion (or granitisation). The 
best exposures of this rock are to be seen on both fac<'s of the quarry just 
inside the entrance. 

(c) Aplogranite. This rock, a leucocratic medium grained massive to 
veiw slightly gneissic granite with little or no fei-ro-magnesian constituents 
(with the e.xeeplion of occasional l)iotile-epidote-horid)lends clots picked up 
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from the older rocks) is exposed ove)- the greater part of the north-west 
and south-west walls of the quarry. It is clearly iiitrusixe into the hybrid 
gneiss (b abo\'e) which, in places, occurs in the form of large irj’egularly 
oriented angular blocks suspended in the aiologi'anitc which truncates the 
banding of the gneiss. The aplogx'anite is therefore detinitely a later in¬ 
trusion and represents the .second period of granite intrusion. 

(d) Dolerite. A post-aplogranite dolerite dyke is present near the 
north-eastern edge of the main (juarry and is younger than all the above 
mentioned rocks which it cuts indiscriminately. 

The exposuro.s in this Roads Board quarry therefore give us consider¬ 
able information x’egarding the age I'elations within the eastern group of 
gneisses of the Aimadale. area. The sequence is:— 

Younger. (4) Dolerite d.vkes. 

(3) Massive aplogranites. 

(2) Hybrid augen gneisses. 

Older. (1) Biotite-epidote-hornblcnde hornfelses and quart/, xeuo- 
liths in the hybrid gneiss. 

The held relations of the eastern group of gneisses to the we.stern group 
are unknown. The eastern group .s'hoAvs the highest degree of hybridisation in 
the north-eastern part of the area but continue to be hybridised to some 
extent even at the south-eastern corner. 

A number of well defined quai’tz A'eins which all have the same strike 
of approximately 305° and dijts of S5° to 90° to the north-east are seen to 
cut through both the hybrid gneisses and the fine banded granitic gneisses. 
Two of Ihe.se <juartz veijis (one of them .some three or four feet Avide) Avere 
traeed right to the contact of the gnei.ss and the Cardup sediments but care¬ 
ful s(‘arch shows that tluw do not extend beyond the contact and they appeai’^ 
to be of i)re-Cur(lui> age, probably repre.senting an ultra-acid differentiate 
from the aplogranite magma. If this be the ease the position of the Cardup 
Series in the Pre-Cambrian succession is fixed as younger than the granite- 
hut older than the quart/ dolerite intrusions, Avhich are considered by all 
obser\-er.s to have taken place during late Pre-Cambrian times and Avliich 
represent the youngest rocks in the Western Australian Pre-Cambrian shield. 
(Clarke, 1930; Forman, 1937.) 

Quartz veins striking almost due north also occur but are not so well 
devehqted as those Avhich strike north-Avest. The main member of the north 
striking groiij) forms a prominent (|nartz blow on the north side of the 
Bedfordale Road near the southern boundary of the area (Plate 1). The. 
“blow” is lenticular and ajipears to be surrounded by granitic gneiss. Thei’e 
are some small mineworkings on this bloAv in the form of a shallow incline 
shaft and an adit—ob.servations made on the white quartz from the surface 
and the softer more micaceous rock below are de.scrilied in the .section on 
petrology. The surface quartz in places sIioavs the pre.sence of irregular- 
strings of fine grained dark coloured rock, not unlike slate in appearance. 
Extending north from this (jnartz blow along the saim* strike there is a band 
where iio outcrops are lo bo found but where occasional small Ixoulders of 
the dark coloured fine grained slaty rock are noticeable. There is no doubt 
that this band of slaty rock extends north to at least as far as the centre 
of the mapped area (Plate 1). Further consideration of the origin of this, 
roek is given in the petrology seetiou of this paper. 
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The western strip of tlu* area is oeeiipied by llie seilinieutary roeks of 
the Card up Series. These rocks strike ])arallel to I he granite gneiss- 
sediment coiitaet and dip (on the averag;e) 60° to th(> we.st. Ti'aversing' this 
series in a westerly direction ironi the contact the snceessioii is ([uarty^ite 
(with fine cherty bands), sandy .slate, lino white slate, dark greyish to black 
carbonaceous slatt', and hue wldte slate (these rocks ai'(' leterred to as slates 
but they are little more than shales with a very poorly developc'd fractuia^ 
cleavage). A few examples of graded bedding were noted in the section 
exposed along the Bedfoi dah! Hoad at the south end of the area and readings 
taken here indicate that the older beds lie to the ea.st, i.e., tliat the sef(uenc.e. 
is normal and not overturned. The actual (contact with the granitic, gneisses 
is only visible in one jdace (on the road at the south end of the aiea) but 
it can be lixed witliin several yards over the remaimlei- of the area and the 
succession of beds is cveryvvlum; the .same. The Cardup sediments are best, 
exposed in the ((nari'y at tin* soiith-we.stern corner of the area (where the 
slates have l)een (piarried for biackmaking) and are seen to he slightly drag- 
folded and traversed by numerous minor faults with displacements of sevau'al 
inches. The nature of this minor faulting and drag-folding wall be more 
fully described in the following section dealing Avith the structure of the 
area. 


The Cardup Series is cut Ija’ a number of doleritic dykes which may be 
traeed from the gjuiiitic rocks into the neighbouring sediments. From the 
geological plan of the area (Plate 1) it will be seen that the dolerite dykes 
appear to have been intriuh'd along a detinite S(>t of fractures which extend 
from the granitic rocks into the sediments. In one place (on the Avest Avail 
of the slate (piarry) greenstone has been intruded in the form of a sill in 
the sediments and has produced sliglit contact alt(‘ration of the slaty rocks. 
Xo such contact effects Avere noticed along the gneiss-sediment contact. 


From the field occurrence the chronological order of the rocks exposed 
in the area mapped ajApears to be: - 

Youngest. (8) Minute barite veinlcts in the dolerite on the east face 
of the slate ciuarry. 

(7) Dolerite dykes. 

(6) Epidiorite sill in Cardup slatc's. 

(5) Cardup sediments (quartzites, sandy slate, white 
slates, black carbonaceous slates, Avhite slates). 


Oldest. 


(4) Quartz veins in gneisses. 

(3) Aplogranite intrusions. ") Fine handed granitic 

[• gnei.s.ses, exact relation to 
(2) Hyhi'id augeu gneis.ses. } (2) and (3) iinknoAvn. 

(1) Biotite-ej)idote-hornhlende hornfels and quartz (? 
quartzite) xenoliths in the hylna’d augen gneisses. 


(2) The Geological Strnclurc. 

Mapping of all of the available minor structures of the exposed rocks 
has yielded a CA»nsiderable amount of information regarding the structure of 
the area (and of the Darling Scarp generally). The hybridised gneisses 
of the eastern section shoAV minor folding in a nuinher of places but no con¬ 
stancy in the orientation of these structures could he found, as will be 
readily understood after an e.xainiuation of the exposures in the Roads 
Board quarry, Avluwe the gneisses are seen to be in xenolithic lilocks, irregn- 
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Jarly oriented, in the iiitrusivo .•iployranite. No attempts have therefore been 
made to infxM’pret the minor drag-folded struc.tiires seen in these rocks. 

'J’he drag-folds in the tine handed granitic gneisses are. more constant 
in character and indicate that the easterly dipping rocks of this hand form 
the eastern limb of a normal anticdine with a i)it('h to the south varying 
from 0° to 80°. All ontcro])s in this hand were carefnlly examined for 
those drag-folded structures and wherever visible they invariably indicated 
that this band forme<l the ea.st limb of a normal anticline. 
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Minor structures (other tluiii the grnded bedding seen in several places 
on the Bedfordide Road) observed in tln^ Cardnp sedinionts were visible 
only in the slate (jiiarry as other exposures ai-e rather poorly developed. 
A detailed survey of the quarry was made for dragfolding, minor faulting 
and fracture cleavage and the results are shown in ligmr 2 (i>lan and sec¬ 
tion of the slate quarry), 'fhe drag-folds indicate that the beds to the W(‘st 
have moved up and over the beds to the east, i.e., that the slates in this 
quarry form the western limb of a normal anlicline. A close examination 
across the black carbonaceous .slate band at the south end shows that the 
dragfolds are direeb'd in the same direction right throughout (he baud thus 
precluding the possibility of isoclinal fobling in these rocks. All of the 
dragfolds observed pitch to the south at 10° to 15°. The bedding planes 
of the dragfolded slates show a. distinct set of sliekeiisides (llarnisch) which 
strike E. to W. normal to tlu; axes of the dragfolds. 'fcsls made of the 
roughness of the bedding surface! in this direction indicate, that the beds to 
the west have moved up and over the beds to the east. 

The fracture cleavage is rather poorly dexelojicd in these I’ocks but 
whei’e present is con.stant in .strike (parallel to the bedding) and dip (almost 
vertical) throughout the (luarry. In the noithcrn wall of the (piarry there 
are a number of .small faults developed whi<h are generally ]>arallel to the 
fracture cleavage and along which mo\ements u|) to 0 inclies have been 
observed. All of these small faults (which arc either vertical or dip very 
stee|)ly to the west) are of isAuu-sed ebaraetcr and iiulicate ui>thrnsting from 
the west (as de<luced from the curvature, due to dragging, of tlu* bedding 
planes in the vicinity of tlu' faults). 

It will 1)0 seen that all of these minor structures are closely related and 
almost certainly developed by the saim* movement, viz., a mov'ennmt causing 
the western beds to be moved u]r and t)Ver the beds to the east. There are 
therefore two pos.sible inteiqiretations possil)le for these minor structures:— 

(i) That tliese beds form the western limb of an anticline which pitches 
flatly to the south 

or 

(ii) That thei'o has been upthrusting from the west, the sediments hav¬ 
ing been upthrust over the granitic gnei.sse.s lying to the east. 

Considering the .structural features of the Cardut» sediments in con¬ 
junction with the structuri's in the band of tine grained granitic gneis.ses 
adjoining tliein to tin* east we see that they appear to be to some extent: 
conqilementary, the gin‘iss<‘s forming (In* east liud) uJ‘ an anticline, the sedi¬ 
ments forming the west limb of the same anticline. Eorman (lt)d7, p. .x.viv.) 
considers that the gueiss(!s may represent portions of the Cardnp sediments 
whicli have suft'ered granitisation and it has been suggested to me (in dis¬ 
cussions with Mr. Tl. A. Ellis) that in the Armadale Ar(‘a the gneisses and 
sediments form part of a single structural unit (an anticlinal fold) which 
at the time of folding consisted entirely of sedinienljiry rocks of tin* Cavdiq) 
Series, but which has since sutTered |>artial granitisation, all oi’ the rocks 
lying to the east of the axial |)lane of this aiitieline having Iici'ii granitised 
and those to the west remaining imaftVcted by the gi-anitising solutions which 
came from the east. Detailed field mapping, (‘specially in eonneetion with 
the field relations of tlie quai-ty, \'eins, apiiears to indie.ale that the gnei.sses 
antedate the sedinionts, whereas tlie granitisation theory suggested by 
Forman (loe. oit.) requires that the Cardnp sediments shoidd he oId(*r than 
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the granitie gneisses, 'fhc petrological evidence regarding the relative age 
‘of the gneisses and sediments and the jiossibility of granitisation of the 
'Cardnp sediments is di.scussed in the next section of this paper. 


TIT. I^ETKOLOGY. 

(A) The older h if hr id gneisses and the iissociated xenolUhfi. 

These rocks are best exj)osed in the Koads TToard tiuai'ry and most of 
the inah'iial described below came from this locality. Since the material 
forming ttie xenoliths has largely controlled the character of the hybridised 
granitic giun.ss it will be descrilxal tirst. 

Amongst the xenoliths three distinct types of material can be .seen^ 
thus:— 

(i) Quartz .renoliths. 

These ai'e fragments uj) to four or five inches in diameter, mostly 
smaller. The {puirtz is clear and coarsely crystalline and under the 
mi('roscope is seim to b(' an allotriomorphic mosaic of irregular shaped 
grains with er<‘nnlate bonmlaries. No signs of original clastic .struc¬ 
ture are visible and the large grains show only very slight strain shadows. 
ATinnte gas-Ii(|uid inclusions ai'c very abundant. This material may have 
originated either from a (|uartzite or from fpiart/. veins. It has contributed 
a consid(‘rable amount of what woidd at tirst sight appear to be primary 
(magmatic) (piartr. of the gneiss, for the size of the xenolithic ( uaitz bodies 
varies down to the ord(M' of b nun. diameter. 

(ii) Tpidote-unineorite .renoliths. 

These xeiudiths occui’ in fragments up to four inches diameter. The 
rock is massive, very tine graine<l and consists of a tine mesh of small mus¬ 
covite (lakes with idioblastic tablets of highly birefriugent epidote uniformly 
and abundantly dispersed throughont. Tin* epidote is pres('nt to the extent 
of about 3d per cemt, of the rock. In places lanmiants of nntwinued (?) 
plagioclase (with the refringence approximately the same as that of Canada 
balsam) crowded with sericitic inclu-sions are present. This rock appears to 
have resulted from the alteration of a basic plagioclase rock which must have 
been closely associated with tin* rcxdvs fi*om wlu(*h the next grou]) of xenoliths 
were derived. 

(iii) JJornhlende-epidote-hiotite hornfelr .renoliths. 

Xenoliths of this type, which aia* dark greenish to black in colour, are 
the most abundant typ(*’aud have (>xerted consider;d)le control on the char¬ 
acter of the hybrid gneiss, having coulvibuted most of the ferromagnesiau 
content (d' that roc-k. Hocks of this type appear to be rath<*r constant in 
character wherever noted and ar(‘ be.st develo])ed in the Hoads Board qnai'ry. 
They are tine even grained, with no tra('e of any directed structure, the 
structure being coarse hornfelsic. TTndcr the mi('rosco])e the rock is seen to 
consist of a d('cnssate aggregate of hiotite and hornblende associated with 
granular aggregates of epidote. [rregnlar grains of magnetite arc scattered 
uniformly (Iiroughout the rock, and apatite, in stout ouhedra to O..") mm. 
diameter, is abundant. 

The hiotite and hornblende are closely associated. The biotite is a 
brownish-gi*een, ])ractically uniaxial variety with j5 = 1.037 and in all of 
the slices examined is considerably in excess of the bluish-green amphil)ole 
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which oeciirs in well .shajx’d prisms with iiTCU'ular tonniiiatioiis, towards 
which the biotite is idioblastic. The amphibole has pleochroisin, X hrowiiish- 
gercen, Y brownish ^Teen, Z f>:r<'(!n (sliuhtly bluish) and absor})tioii X •' 
Y ^ Z. The extinction Z \ c is 18° and the oiitic.nl (•liai‘act<'f -ive. Jii 
several specimens a bhu'-m’i'cam amphibole with X light y<‘llow-green, Y 
olive green, Z bluish-green, absoi))!ion X *' Y Z ainl Z A c ~ 17°. 
is idioblastic towards the biotite. It o<’ciirs in elongabal {irisnis, often in 
clusters with Ihe long axes of individual prisms subparallel. 

The epidotc occurs in ])atclu‘s with an aggregate .strnetnre, made up of 
a mesh of tiny eiiheilral ])risms, with M'hich is associated some brownish- 
green biotite (in Jinich smaller Hakes than in the biotite-hornblende areas). 
The epidotc is praclically colourless and brightly jiolarisiiig jiistacliile, 
although some tine granular /.oisite ajipears to be pre.sent in ihe granular 
aggregates. These epidolic areas appear to represent a replacement of 
original i-aleic plagioelasi'. 

In one s]>ecinien (1920!))* the original striulnre of the rock can be 
seen by an cxaniinalion of tin* slice under verv low magnilicalion—it is that 
of a coarse grained rock with jilales to 4 mm. diametiu' of blue-griam 
amphibole (now partially rc'jilaced by biotite aggregates) and felsiiar (now 
completely replaced b.v e|)idote) and it has undoubtedly originated from a 
coar.se grained basic igneous rock. This is suiiported by the jiri-smice of 
skeletal plates of magnetite (tig. 3c) which appear to have been derivial from 
ilmenite plates. 



A. Hybridised granite gneiss—showing basic elot.s fonsi.sting largely of greeui.sTf 

brown biotite, witli magnetite and ajiatite. The granitic jiovtion consists 
of an allotrioinoi]duc granular aggregate of inieroeliiie (Mler), turbid 
jdagioclasc (Bl) and quartz (Q). 

B. Basic xenolitli—coarser variety of iiornblcnde biotitc-iqndote liornfels sliow- 

ing occurrence of cpidotie aggregates (Ep-Zo) in distinct areas 
(originally plagioclase crystals). Shows also tlie decussate .structured 
aggregates of biotite and hornblende (lll»)j with niagnetite and apatite 
(Ap) euliedra. 

C. Basic xenolitli — finer grained variety of hornblcinle-biotito-epidote. hornfols, 

showing segregation of epidotic minerals in patches and large skelctc.l 
plate of magnetite (after ilmenite). 


Catalogue numVter, Geology Dept,, University of Western Australia. 
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Apatite is romarkablv abundant and builds well shaped stout prisms 
which are idioblastie, towards all the other eonstituents—it appears to have 
been introclneed during- the process of graiiitisation to which these basic 
rocks iiavc been subjected. Magnetite and pyrite, scattered uniformly (the 
latter very sparsely) throughout the rock are the only other accessoiits. 

An analysis made of this type jdelded the result shown in Table I., 
column 1. 




Table I. 




1. 

2. 

SiO 


40-09 

66-.32 

AUO., 


14-01 

13-22 

Fc.,Os ... 


fi-03 

4-99 

FcO 


14-42 

3-29 

MgO 


4-34 

0-58 

CaO 


9-89 

2-84 

Na,0 


0-46 

3-45 

K.,6 


3-78 

•2 - 95 

HjO+ ... 

H.lO— ... 


1-97 

0-07 

0-50 

Nil 

CO., 


o-os 

0-03 

TiO., 


2-76 

0-66 

P.,0, 


1-24 

0-10 

MiiO 


0-38 

0-15 

BaO 


Nil 

0-53 

FeS., 


0-77 

0-07 

Fe,Ss 


0-02 

Nil 

Cr.,0., 


Nil 

Nil 

v.>b., 


0-03 

0-04 

SO:: 


Nil 

Nil 



100-.36 

99-92 

Analyst: C. 

K. Le Wcsuricr. 



1. IIornl)k'mlc-ei)idote-biotite horiifels (19483), xeuolithic in hybrid gneiss, 
Roads Board quarry, Armadale. 

;2. Hybrid gneiss (19482), rock enclosing the xenolith from which analysis 1 
was made, Ko.-nls Board quarry, Armadale. 

The composition of the basic xenoliths is peculiar, the most striking 
feature being the low silica and magnesia and the high tigures for the iron 
oxides and ]n)tash. From the texture of the rock it appears to have been 
•originally a medium grained basic igneous rock such a.s a gabbi’o although 
the FeO/MgO ratio is rather high. It must he borne in mind, however, that 
this rock has suffered considerable change, the original pyroxene having 
gone over to biotite, involving a loss of silica, magnesia, and lime and an 
addition of potash and alumina—the. chemical evidence then supports the 
suggestion that these rocks were originally basic igneous tyi)es. There has 
been a marked concentration ami fixing of PA),, in these xenoliths. No 
rocks have been noted ainong'st the Cardup Series which could possibly be 
related in any way to the xenulithic ma.sses in the hybrid gneis.ses. 

The Jii/hridi^-ed ejneiss itself is a medium grained, well banded me.soeratic 
rock. The dark baiuLs which i)roduce the gneissic appearance ai‘e composed 
largely of material similar to the basic xenoliths descrilied above*. Inter- 
banded with this material are leucocratic bands of ]iale tlesh coloured felspar 
closely associated with quartz and a pale greenish slightly epidoti.sed fel¬ 
dspar—in })laee 3 the fle.sh coloured felspar is present as augen. 
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UodcT tlu* niic'VO.SRopo (lie most pronouiu'od iValiiiT is llio ])resi‘Df(‘ of 
dark cdots, elongated |)arallcl to the Ijandiog, which arc made up of ))]‘owiiish 
giocD biotitc, culu'di’al apatite, siduaic, magiuditc, ami rare hliic-giTcn liovn- 
blende (fig. 3A). These clot.s are lUHlouhtedly derived from the basic 
NCDoliths whi(‘h are so abundaidly scattenal through this giKM.ss (i)late 2,. 
tig. 1). The other eoiistitueDts arc* con.siderahly <>pidotis(‘d )dagioclase (most 
abundant), clear inicroeline and (piaitz. The fpiartE is all slightly strained. 
Roth quartz and mic.roeliiie have eucloscal the idagioclase. 

An aualy.si.s of this rock is shown in Table 1., coluuiii 2, and thi.s indi¬ 
cates that there has b<>eii a considerable addition of both silica and soda 
to the original basic rock. As mentioned above some of the (piartz of llie 
hybrid gneiss may be .xenolitliic although the greater ])art, as seen from its 
j'olations with the iuti'odnced inicroeline, has undoubtedly been introduced 
during the grauitisation ])rocess. 

Read (192(i, ]>. 1(55) has desciibed the procc'ss of hybridisation of a 
giTuitic inagiiia by ultrabasic matc'rial and his remarks ajiply eiinally well 
to the Armadale hybridised rocks. The basic xenolitlis, in their high biotite 
content, are clearly hybrid tyi^es rcpia’.seutiiig basic, igneous material which 
has been iiermeated with potassic solutions from an intrusive granite, n'liis 
granite, which iepres('nts the first peiaod of granite intrusion in this area, 
was itself eonsidcwably hybridised by the incoi-poration of this basic, hybrid 
and is now represented by the inesoeratic hybridised gneiss described above. 


(B) The iiounger granite {Aplogranite). 

The ai)logranite.s are leucocratic, medium to coaise grained (in placo.s 
|>egmal.ilic) roc'ks com])Osed of (piariz and felsjiar with practically no ferro- 
magne.sians. Tin* texture is allotriomorphic graunlar and the constituents 
.seen in ;hin slice are (piartz, .slightly perthilie microclino and oligoclaso- 
albite with an occasional shred of greenish biotite. Both tin* inicroeline and 
finely twinned plagiocla.se arc slightly dusted with inclusions and a notici'- 
able feature is the frecineut oc.cnrrence of myrmekitic structure's in the 
plagioclase when it occurs in contact with inicvoclim*. Most of the quartz 
shows slight strain .shadows. 

This acid granite may have jiossibly been the intrusion which caused 
the earlier granitisation effeebs that have been noted above but in its tb'ld 
relations appc'ars to belong to a distinctly later period of intrusion. 

(C) .—The fin-c bander/ granitic gneisses (forming the western (Hlge of the 

granitic rocks). 

Tn many respects tlu'se rocks are similar to the varioius gneis.ses and 
acid rocks of the K’oads Board (piarry, although no dark coloured xt'nolithic 
bodies have b('eu t'ound in tln'in. 1’hciv stiaictnrc’ v'aries from plac(' to plai'e,' 
from tinely banded granitic gneisses to almost massive graniU's in which no 
banded structures ar(' visible. 'I’lui ma.ssive sirnctured rocks have a granitic 
texture and are made nji of (piaidz, fresh microcline and slightly turbid 
oligoclaS(> and so ajipear to be very similar to the aplogranitcs of the eastern 
half of tin? area. The. tinely banded gneisses contain quartz, inicroeline, 
oligoclase, clotted shreds of strongly |)leochroic greenish-brown biotite and 
some muscovite, which appears to be develo]uug from a tnibid sericitised 
felspar. The microcliiu' is perfcctljf fresh. 
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The exact relations of these rocks to the eastern gneisses are nnknoAvn. 
Peti'ologioalJy they appear to be very similar although not so extensively 
hybri<lise<l and are only considered apart here because of their somewhat 
different sti'ike. So far as could b(? seen there are no remnants of slate (see 
also under '‘(juartz \-eins”) in these granite-gneisses nor aiw development of 
minerals Avhieh would suggest the assimilation of argillaceous material by 
the intrusive granite. There is no chilled contact, the rocks being coarse 
grained light to the contact with the Cardup sedimentary series. 

(D ).—The Curdup Series. 

(i) The Sandstones'. 

Near the contact with the granitic rocks the sandstones are medium 
grained grits and as the series is traversed in a westerly direction the average 
grain size diminishes'. All types are very quaiizose varying in colour from 
white to ]>ale yellow green, where the rocks have been considerably epidotised. 
The white cjuartzites are com{:os(>d almost (uitirely of slightly rounded to 
subangular (M|uidimen.sional (juai'tz grains to .several mm. diameter in a finer 
grained quartzose gronndmass containing occasional grains of epidote. 
Among.st the coarse grains there are occasional slightly rounded grains of 
clear microcline—tlnw appear to be detrital and not introduced by later 
solutions and |)i-obably were derived from the erosion of the microcline bear¬ 
ing I'ocks to the ea.st. 

Clo.se to the qiiartEite-granite gneiss contact on the Bedfovdale road a 
peculiar light greenish epidotic quartzite is often developcal. This rock is 
banded, made up of layers of epidotised quartzite (giit) and layers of 
dai'ker gretuiish line grained actinolite-epidote-quartzite with narrow' 
irregulai- and lenticular bands of pale brownish cherty material. In some 
instances these eherl\- patche.s are sma.Il flattened ellip.soidal bodies, scattered 
throughout the comparatively coarse grit from which they are very sharply 
defined. The sti-uc.tur(? of these chert ]iatches is fine grained hornfelsic and 
the constituents art* mainly slightly turbid isotropic material with fine 
granular (|uartz, granular epidote and acicular (?) actinoiite (Z A c = 16°, 
pale gu’cenish to colourless, not sensibly pleochroic, y = 1.644). The origin 
of these peculiar cherty bands and lentic.le.s is obscure but they appear to be 
original sedimentary structures which have later been contact altered. The 
most probable origin that .sugge.st.s itself is that they rejn-esent small clay 
balls which liave been tlattened tluring the earth movements to which these 
rocks have l>eeu .sul),jected. The presence of (?) actinoiite sugge.sts that 
these balls may have been to some extent calcareous. 

The coarser gritty parts of these greenish quartzites are .similar to the 
white quartzites with the addition of granular epidote which often occurs 
as angular grains moulded around the larger detrital quartz grains indicat¬ 
ing that the epidole has been introduced after the formation of the original 
gritty sediment and was probably derived from the qtiaifz dolerite intru¬ 
sions which cut through the sediments in this locality. 

(ii) The slates. 

Two distinct types of slate are developed—their field relations have 
been discussed above. 

(a) The black slates: these are finely bedded, dark grey to black in 
colour, different bands having ^'arying content of graphitic material. The 
dominant constituent is fine fibrous sericite together with extremely fine 
granular weakly birefringent (?) quartz and black graphitic material. An 
interesting constituent is ]nde brownish green tourmaline, which occurs in 
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minute idiobhEStie prisms to 0.03 mm. in length scattered sparsely, Avitli 
random orientation, tbToujj'hout (he rock. It is .strongly plcochroic, 
a> brownish greiui, e eolourlos.s, and the refracti\’e indices € = 1.621, 
(jL> = 1.649, a|>pear to indicate a mcnibei of the dravlte-schorl group. 

(b) The white slates: these rocks are made up almost entirely of flno 
fibrous sericitii with a much smaller amount of [)ah! brownish flaky biotite 
and minute clear grain,s of quartz. IMinute idioblastic tourmaline jHisms, 
similar to those in the black slates are distributed sparsely throughout the 
rocks (all of the slaty rocks c.vamined contained this tourmaline none of 
which is detrital). Narrow darker coloured bauds (ii]> to 1 inch wide) 
occur ill the Avhite slate.s in jihuacs and these consist predominantly of jiale 
brownish biotite with .sericite in minor amount. The grain in the.se narroAV 
bands is considerably coarser but this is largely an original feature and is 
not due in the main to recrystallisatioii as the quartz grains of such bands 
are markedly larger than in the rvliite slate. The minute tourmaline prisms 
.appear to be more abundant in these bands. 

In some idaces near the rvesteru Avail of tin* slate (piarry, close to the 
albite-epidiorite, the Avhite. slate has a slightly knotted structure, the “knots’’ 
usually laung small rectangular shaptMl plates (up to 4mui. x 4imn. x lunn.) 
Avhich consist of kaolin Avitli small quartz grains distributed uniformly 
throughout. Tlu'se porphyroldasts appc'ar from their .shape to be andalnsites 
but careful .search has not dhsclosed any relicts of this mineral. Tluur true 
character must therefore remain unknoAvn but they ajipear to be the result 
of contact ra(>tamori)hisni of the slate by the nearby basic iiitiaision. 

Joint planes in the Avhite slates near the south-west corner of the slate 
quarry are coated with jaab^ yelloAV earthy jaro.site. 

Other than the oeea.sional thin dark bands and rare examples of the 
knotted slate, this group of AA'hite slates appears to be rather uniform in 
character. An analysis of a specimen from the AA^est side of the slate quarry 
yielded tlu' result shoAvn in table II. 

Table II. 


iSiO.;. 

1. 

6.5-22 

2. 

61 ”63 

3. 

.58-38 

4. 

.50-10 

5. 

.50-00 

Al.,0., 

16-71 

16-.33 

15-47 

25-12 

24-14 

Te.O-s 

1-6.3 

4-10 

4-03 

5-12 

2-79 

FeO. 

3-23 

2-71 

2-46 

1-.52 

4-67 

MgO 

2-87 

2-02 

2-45 

3-93 

4-16 

CaO. 

0-0.5 

0-.50 

3-12 

0-.35 

0-07 

Na.O 

0-76 

1 -26 

1 -31 

0-05 

1-10 

K.,0. 

5-08 

5-.54 

3-25 

6-9.3 

8-63 

H..O-L 

2-12 

3-24 

3-68 

6-82* 

3-06 


0-16 

0-31 

1 - .34 


0-24 

TiO., 

0-35 

0-68 

0-65 

0.50 

0-50 

CO.,. 

o-o.> 

0-41 

2-64 


0-07 

P.,()-, 

0-08 

0-16 

0-17 

. . . 

0-11 

MnO 

0-03 

0-00 

Tr. 

. . . 

0-04 

BaO. 

0-11 

0-06 

0-05 


0-15 

Fe.S., 

Nil 

o-ot 

. . . 



Cr..O., 

0-01 



. . . 

0-01 

v.;o., . 

0-0,3 



. . . 

0-04 

80;,. 

0-11 

. . . 

0-65 


0-1.5 

Braphito 

0-05 

Nil 

0-81t 

... 

0-07 

NaCl. 

Nil 





((Others) 

... 

0-06 

... 




90-85 

99-98 

100-46 

100-43 

100-00 

Analyst: C. 
* Igiiiiioi] 

R. Lo 

1 los.s ( 

^[osiirier. 

DR materia] dried at 

1 10°C. 

t Organic 

material. 
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1. Wltij-c sliitf (I02(i;i), wosi si(U' cl' (piaii'y, Annatiuli*. 

2. (Jainlaian slate, VciukhiI (('.S. GcoL Surv. IPitll. 591, p. 250). 

2. ('oiiipo.silc .aiialvsis (if 78 .shal('s (l’\ W. (‘laik(‘, “Data of (looclicniistry, 
(I.fi. Orol.' Sia r. UnV. 770, I02'l, p. I’.O). 

1. mile (line cdlloiil I'raition), Ordovaiaii sliale, (Jil(:“a(l, Callioini Co., Illinois 
(K. 10. (iriiii, I’. A. Ili'fiy .and \\\ K. Itr.adloy, “The inicas in arjfillaecous 
Malinit Ills, ’ ’ yliiu r. Jl/hi. Vo7. 22, 19.'57, p. 822). 

5. iialysi.s of Ann.idalc sla1(‘ (of col. I) with Wi()_ rediuanl to 50% and the 

other oxides recalciilaled to siiiii to 100, for coinp.arison with analysis of 
illite ((ol. 4). 

Ill llii.s lal)l(‘ (1 h‘ aiialysi.s of lh(> Armadale slat(‘ is eompared willi that 
ol a sl:d(‘ Ivom Vinmonl, I'.S.A. (cot. 2) wliiidi it resemlile.s very (dosely, 
mid with Hie averae'e* of 78 analyses ol shale (eol. .‘I). Tlu‘ ma.in ieatures 
of the aiiajysis arc* Hk* lii,i>-h silica, alumina and polash, the two latter lieing 
a r<dl<M'lion ol the hieh sericite contcnl. Smdi l('a(ur(‘s would Ix' common in 
slates d(iri\a‘d I rom illile ri(di (dayi'y .sediments (.an analysi.s' of illii.e is shown 
in lalile 2, col, 4 and is compared with (hat. of the Armadale slate from 
whiidi e.\c(*s.s silica has been remov'd (col. 5), and althoneii the potash 
c.ontmil is Inf'll, it is cpiifi' normal and does not indicate that the rock has 
sufferc'd any “ffiailitisation.” 

(c) d/ore armo/ccoa.s types: (o (he (>ast the .slates become more 
arimaceoiis and p.ass yradnally into th(' normal sandstone.s. On the west(?rn 
side ot (he (ptarry, Ix't.winm llx' white slab' and (lie .‘ilhile epidiorite, there- 
is a b.'ind of ureenish more sandy skate. This band swiiifj^s towards the ea..st 
at (he sonlh end ol Ihe (piarry. 'fhis rock is distinctly coarser texturi'd and 
c.omparal i\'ely hirye rounded (jiiartz grains .are abundant—the only other 
constiliK'iil o| mile is a ffrcamish brown biotite whndi a|)i)eai’s to have 
devidopcd diiritif'- conlact inetaiiioridiisiii of (his band by (he ba.sic intrusive. 
Sep.-iration of (he lu'.avy minerals yiehhxl only a few much worn and rounded 
ziicons. /\I the sonlh ('iid ol tlx' ipiarry this ff'rc'imisb rock eindo.st's several 
1 onnded boulders ol f’-raiiitic malerial which consi.st larfi|'('ly of a tfra,no|ihyrie 
1 nI(‘ryrow(h ol (piarix; and add plafjiixdasc. d’he.se “boulders’^ appi'ar to be- 
somewhal rounded and some doubt <'xists whether tlnw are boulders or 
itieyul.il y.auophyiic iiitrusion.s, as (lu*y ar(> (ravt'r.sed by narrow (^/(^-iuch 
wide) vi'iiilets ()f (|narly, which apjx'ar (o pass thronyh both the boulders 
and (he (Miclosiny yn-een sandy .si'diinent. 1 incliiu' (o the view (hat they 
are boulders and lhal Hie associatixl veinlels are similar to (he (juart^c vidus 
devc'loped in Hie Cardnp Series (which are de.scribed under ‘hpiartx veins'’' 
below). 

(iii) Conlact vielaiiiorpln.sm of the Cavdnp sediments. 

Coiisideriny first the arenaceous ro(d<s ch)S(> to Hie contaid with the 
yi.initn loidc.s (h<* main contai'j nudanuirplnc tdlecl.s ha\‘e lx*(*n tin' luli-O" 
duction of epidotc and the development in c(‘rtain narrow bands of acicular 
(?) aclinolib'- (h(‘ latti'r arc in radialiny ayyivyales and Ujipcar to result 
from (he thermal melamorjihism of a sliyhlly c.-ilcareons rock bill whellim- 
this .•literalion is diu' to intrusion by (he yraiiite or to intrusion by tin* ipiartz 
dol('ril(> dykes is not clear Hx' introduction of the ('pidoti' was most liki'Jy 
effect I'd duriiiy Hi(> inirnsion of the doleritic rocks. 

Ill tin' .skill's ixiny larther lo Hu' W('sl Hieri' has Ix'i'ii sonu* new miiu'ral 
d(‘velopmenl :— 

(1) The development of Ihe kaolinic knots which seems to be closely 
related to Hn* yreenstone intrusions. 
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(2) 'riio presonne ol i(lu)blasti(‘ tuiinnaliuo in all tlu' slaty vocks of Lliis 
area is interosting—this mineral may hav(‘ been iiitroduec'd from .^Tanitic 
intrusions, from the basic hitriisives (Agroll, 1939, |). 333, lias ileseribi'd the 
development of dravite in ndinoles and considers that the boron was intro¬ 
duced from nearby albite dolerites) or may have develo|)ed from llie boron 
('Ontained in the orii,dnal unmetamorphosed sc'dimeiiis. (loldschniidt and 
l^eters (1932) have shown (bat the boron content of <4ay si’diinents is often 
snftieient to bring about evystallisation of tonnnaline wlnm tliesi* sedinumts 
suffer dynamic melanioriibism and that it is not necessary to hxdc to later 
acid intrusives for the origin of th(' boron. The absence of tonnnaline from 
the rocks immediately adjacent to the granite and its oi'cnrrence in tin* slates 
some distance away seeims to suggest that it was not (h'rived from that 
source. It is possible tluai that the tourmaline was introduced from the 
basic igin'ons rocks but inori* pi-obable that it resulted from the crystallisa¬ 
tion of original constitin'iits of tin* argillaceous sediments from which the 
slates were derived. 

(3) The devi'lopmeiit of biotite and cliloritoid. Biotite has undonbiedly 
been foriiK’d during the metaniorphism oi' (he slaty rocks as it is often W(‘ll 
developed on the. fracture (•h*avage surfaces. It is well d(*\'clo| ed in small 
pale brownish Hakes in (he slates from the slati* (|narry which an* clo.sc* to 
greenstorn* intrusions bid is absent farther to the norlli (along tin* Bnnbuiy 
Koad) where tin* slates are some distaiin* from tin* intnisivc dykes. This 
lioiiits to the developiiK'nl of the biolite being due to contact all oration con¬ 
sequent u])on tin* intrusion of the basic rocks. Spi’cimeiis from the haulage 
tunnel leading out from (he .sonth-wi'st corn(*r of tin* slati* (juarry alford 
information regarding (he contact alti*ration of (he C'ardnp sedinn'id.''-- 
the ro(*ks in this tuiiiiel consist of slati's and sandstones which have been 
intruded by a chloril(*-albile epiilorite sill and then later by a (juartz- 
dolerite dyke, both of which have in some nu'asnre atfected the s(*diment.s. 
The rocks (tog'e(h(*r with brief descriptions) encountered in this Inniiel are. 
(.see tig. 4) :— 

From east end to 4.o f(>et iii^— iionnal slides showing developinent of 
small Haki's of p.ale brownish biotilo. 

From 45' to 49' in— cliloriliu'd s/ide —(his is the normal slati* (simi¬ 
lar to that from 0' to 45') with a devi'lopiiK'iit of small 
idiloritoid porphyrohlasts, at first ran* and then becoming more 
abundant towards the west. 'file cliloritoid i»orphyroblasts are 
well tormed but have he<‘n replaced by peiininite with e.xtreniely 
weak birefringeiici* (aliuosl isotropic* with very weak ultra bine inlet- 
tc'ic'iice colours), positive elongation and niarkc'd ])h*ochr()ism X 
])ale yellow green, Z dee|) green. At first sight th(*se small 

porphyrohlasts appear to he c'hloritoid Init (he ph'ochroism and 
crienfation arc* those* of penninitc*. 'flic'iv is little doubt, however, 
that they were originally cliloritoid. This is the* only place* where 
this minc'ral has liec'n found in the* arc'a anil it is of intc'rest as it 
sec*nis to li.x the |)c‘riocl of intrusion of the chloritc'-albifc* e|)idiorite 
as more or less coiilc*inporanc*ous willi the earth inovc'iiic'nts affect¬ 
ing the* C'ardnp Sc*ries. Cliloritoid is genc*rally regardc’d as a strc'ss 
mineral—in (he* prc'sent instance it is cli*arly related in .some* way 
to the* c'liidioritc* sill as it ch'creasc's in amount away from that body. 

^ AH nieasurcHUMitB .‘uc ii'otti casi I'lul of (lu‘ tunnel ,*nid hiivc Ibk n uua.surcd 

l.ho north wall. 
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It appears most probable that it developed during the earth move' 
ments which affected the Cardup Series while these rocks were' 
still at elevated teinpei’atures following the intrusion of the green¬ 
stone sill. 

From 49' to 53' in— hlolU(’.-quartz hornfels —these rocks are hornfehsed 
argillaceous sandstoue.s. They are fine grained, dark green in 
colour and under the iniei’oscope ai’c seen to be made up of rounded 
puartz grains with interstitial flaky pale brown biotite with some 
pale green chlorite and sericite. 

From 53' to 90' in— chhritc-ulbite (qjkliorite sill (described in a later 
section) with a narrow intrusion of a niicroi)orphyritic epidioritC' 
between 57' and 58'. 

f'roni f)0' to 99' in -contact altcwed sundij slate similar to that be¬ 
tween -19' and 53' excejit that it is much finer grained and 
ap])arently less altered, the biotite being in much smaller flakes. 

From 99' to 109' in— (piarlz-hiotitc-actinolite hornfels similar to the 
aetinolite bearing hornfelses developed in the arenaceous sediments 
nearer the granite contact (described in the section dealing with 
the Cardup sandstones). 

From 109' to 311' in —uraliliscd qaartz-dolrrite. At 311' there, are 
several small irregular bodies ( “] veins) of coarse grained quartz, 
(which under the microscope shows considerable cataclasis). 

From 311' to the west end—greenstone, |irobably the chlorite-albite 
e|)idiorite but Ihe rocks here become too weathered for exact deter¬ 
mination. 
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rigure 4. 


A. Geological sketch plan of the tunnel leading out from the south-west corner 

of the slate quarry, Armadale. 

B. Enlargement of geological plan of east end of the tunnel from the slate 

quarry, showing the relations of the Cardup sediments, the chlorite-albite' 
cpidiorite sill and the later quartz dolerite dyke (note tlie narrow 
intrusion of inieroporphyritic cpidiorite into the chlorite-albite epidiorite* 
sill). 
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Tlie secTioii cxjioscd in lliis tnniu4 iiuliciile.s that iiio Gardu]) sodiincMits 
have been conlaet nietamoi'pliosed over limited distaiiees by both tlie ehlorite- 
albitc eindiorite and tlie later quarta-dolerites. It also indicates that the 
development of the epidote-netinolite-quart/.ite noted near the granite contact 
IS a contact effei-t due to the ijuartz-dolerites and not to the granitic roek.s. 

(E). The biifiic iulriisives of posL-Corrlup age. 

The following types have been recognised :— 

(i) Chlorile-aJhite epidiorites. 

This type has been noted in one place only, viz., in a sill like intrusion 
into the slates in the west wall of the slate quarrjL This body is itself in¬ 
truded by a narrow "sill” (12 inclu's wide) of a inicropoiqdiyritic epidiorite, 
which is described below. 

The chlorite-albite (qiidiorite is of interest because it can undoubtedly 
be correlated with the porphyritic albite 0 ]iidiorite (referred to as albitc 
poi’iiliyrite by Ksson, 1927, p. (i) which occurs at various localities (Wnii- 
g'oiig, Cardup, Whitby Palls and Mnndijong) extending some 15 miles to 
the .south along the iJarling Scarp. The rock at Armadale is not porphyritic 
but its texture and inineralogical composition (both of which difl’er con¬ 
siderably from the normal (piartz-ihderites) ar<‘ similar to those of the rocks 
from the areas to the south. 

The Armadale rock is medium, even grained and almost indi.stingnish- 
able in hand s])ecimen from the nralitisial quart/.-dolerites. It consist.s of 
a plexus of clear albiti> iiri.'-nis fliguri' 51'>) with interstitial aggregates of 
chlorite, uralite and biotite together with some turbid epidotic material and 
a little leucoxt'ne. The chlorite form.s a line grained rnesh enclosing patches 
of green nralitic amphibole and occasional flakes of ])ale gremnsh-brown 
biotite. It is a pale greenish proiddorite, vi'ry slightly ph*ochroic and almost 
isotropic (with very weak anomalous colours)—the optic character is 
neutral ainl the refracti^'e index — 1.633 rh .002. This mineral agi’ces 
with the chlorites of the low grade epidiorites (h'seribed by Wiseman (1934, 
]L .360.) The albite is fresh (althongh slightly dn.sted with inclusions and 
penetrated by acicnlar amphibole) and thus difl’ers considerably from the 
epidothsed iilagioclase of the other basic igneous rocks of the area. 

The analysis of this rock is recorded below:— 

Table III. 


SiO, ... 


47-08 

Norm. 


A1.A... 


14-78 



Fo.,0^ 


1-32 

Or 

012 

FeO ... 


13-80 

Ah 

20-20 

MgO ... 


7-45 

An 

18-35 

CaO ... 


4-24 



Na.,0 ... 


3-10 

C 

1 -84 

K,0 ... 


1-03 



H'O + 


3-89 

hy 

20-49 

h:o— 


0-22 

ol 

9-47 

TiO., ... 


2-49 



PA, ... 


0-41 

mg 

1-80 

MnO ... 


0-31 

il 

4-71 

BkO ... 


NH 

ap 

1-01 

Cr.,0., ... 


Nil 

py 

0-14 

FeS.i ■ 


0-14 





100-20 



Analyst : 

R. 

T, Prider. 




Chlorite-albite epidiorite (20532), 78 feet from east end of tunnel, Slate 
quarry, Armadale. 
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Th(! most outstanding features of this analysis aie the low CaO and the 
considerable Na^O content whicdi indicate that the felspar prior to meta- 
morphism was moderately rich in the alhite moiccide and that the rock was 
approaching a spilitic type. Tt certainly differs considerably from the later 
quartx-dolerites which contain a much highei’ proportion of lime (see Table 
IV.). An nnnsual feature is the exces.s of alumina and the apinairance of 
corundum in the norm.—this excess of alumina is no doubt contained in the 
chlorite and its presence may he due to slight contamination of the epidiorite 
by the aluminous slate.s which is has intruded. 



Figiive f). 

The basic intriisives. 

A. Pialili.sed ({uailz dolcrite, showing subopliitic relation of uralite and turbid 

]dagioclnso (dotted), p)aio.s of leucoxcne after ilraenite and angular 
areas of end pliase rpiartz with rods of apatite. 

B. Albito eiJidioriie, .showing clear laths of albitc in a ground of biotite, uralitic 

ainpliibolc and turbid opidotie material. 

Th(‘. lield relations ol this rocl< ai'e sliown in tigure 4, Consideration 
WAS given, on a ]n’e\’ions page, to the contact metamorphisin effected by 
this sill on th(! (hu'dnj) smliments, and, in the development of chloritoid, it 
WAS considm'cd that tin' post Cardiiji earth movements took place shortly 
after the intrusion of the chlorite-alhite epidiorite. This rock then is a low 
grade ('pidiorite showing a gi'ailc ol metamoiqihisin comparalile with that 
of the associated smlimeiits. The ((nart/,-dolerite group (to be described 
presmitly) appeal's to belong to a later iieriod of intrusion, as a niicro- 
porphyrilic epidioriti* (deserihed under (iii) helow^) which is considered to be 
genetically related to the (juartz-dolerite.s is inlrnsive into the chlorit(*-aIhite 
epidiorite. 

(ii) Vvidilised <iniirt::-d<)h‘rU(‘s. 

Rocks of this group form the bulk of the post Cardiip intrusions and 
all are vei'y nniform in character, fbiriations in granularity dependent on 
the position in the dyke ai'e noticeable hut the miiieralogieal composition 
remains (*oustaiit with the exception that the end phase ('|uartz; and niicro- 
peginatile ai'e somewhat more' abundant in the centra} parts of the dykes 
than on the edges. 
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The chanu'tcristie ophitic lo suh-ophitic texture of the qiiartz-dolerites 
is alwaj'S develo])e(l, although somewhat obscured by uralitisation and epi- 
dotisatioii (figure 5A). A typical specimen from the large dyke striking 
south-east from the Roads Board quarry is a greenish, medium even grained 
rock, which consists of pale green uralite, epidote, zoisite, leiicoxene, quartz 
and minor accessories including a little brown hornblende, biotite and apatite. 
A relict ophitic relation is visible between the uralitic am|)hibole plates and 
the zoisitic aggregates replacing plagioclase pri.sms, the only other notice¬ 
able textiu'al feature being the angular patches of quartz and micro pegmatite 
(in which the felspar is repre.^eiited by turbid zoisitic aggregates). 

The uralite is the most abundant constituent, occurring in plates up to 
1 mm. diameter. It is a pale greenish fibrous variety Avith Aveak pleo- 
chroism, X very pale, greenish (almost colourless), Y pale green, Z pale 
green, absoiqition X Y = Z, extinction Z /\ c = 1G° and (—) 2V lame. 
It is often dusted Avith magnetite inclusions. Xo relict pyroxene is A’isible, 
nor has anj’ been noted in any of the basic intrusive rocks of this area. In 
the vicinity of the quartz and micropegmatite areas the uralite sIioavs a 
further change to pale green, weakly plcoehroic, optically positiA’e chlorite 
and more rarely to broAvnish hornblende. 

The plagioclase is re|jresented by granular aggregates of zoisite, 
epidote and fine granular plagioclase. Ilmenite has been replaced entirely 
by fine granular leucoxene whicli occurs in areas up to II /2 aim. diameter 
in Avhich the skeletal structure of the oiiginal ilmenite is preserved. Occa¬ 
sionally the leucoxene is recrystalliscd to s]3liene, Avhich occurs in rounded 
grains Avith central iron ore inclusions. 

The quartz and micropegmatite areas in this rock, ujj to V 2 iimi- dia¬ 
meter, are similar to those of the normal quartz-dolerites exceyfi that the 
fehspar is rejilaccd by fine granular zoisite. These quartz and micropegma- 
tite areas are penetrated by slender prisms of ajiatite. lu specimens from 
the centi'e of this same dyke the micropegmatite areas vary in size to IY 2 
mm. diameter and the ))rc.seuee of broAvnish hornblende in its A'icinity is 


more noticeable. 

1. 

Table IV. 

2_ 

3 . 

4. 

SiO, 

... 48-83 

49-13 

49-22 

50-52 

aiA ... 

... 13-46 

13-13 

12-62 

13-76 

Fe.,0, 

2-88 

3-65 

3-16 

3-87 

FeO 

... 10-29 

8-95 

11-09 

8-50 

MgO ... 

8-03 

7-64 

6-42 

5-42 

CaO 

... 11-95 

11-84 

10-59 

9-09 

NaoO ... 

1-32 

1-72 

1-86 

2-42 

K.,0 

0-50 

0-16 

0-30 

0-96 

JL,0+ ... 

1-39 

1-72 

2-24 

1-51 

H.>0— ... 

0-08 

0-04 

0-12 

0-76 

COo 


... 

Nil 

0-58 

TiO., ... 

..! 1-24 

1-27 

2-00 

2-39 

p.,o; ... 

0-07 

0-14 

0-09 

0-26 

MnO ... 

0-18 

0-15 

0-33 

0-16 

BaO 

Nil 


Nil 

0-03 

FeS., ... 

Tr. 

0-45 

0-22 

0-06 (S) 

Cr.,0, ... 

0-08 

. • • 

Tr. 

IT. 

v.;o, ... 


... 

Tr. 

0-05 


100-30 

99-99 

100-26 

100-34 

Analyst : 

R. T. Prider. 

R. T. Prider 

___ 



















4G 


Rex T. Prider. 


Tabee IV. — continued. 


Norms. 

Q 

Or 

Ab 

An 

di 

hy 

mt 

cm 

il 

ap 

py 


1-86 

2-78 

11-00 

29-19 

23-86 

23-07 

4-18 

0-22 

2-28 

0-34 


3-48 

1-11 
14-lo 
27-.72 

24-88 

18-60 

5-34 

2-43 

0-34 

0-45 


4-14 

1-78 

15-74 

25-18 

22-15 

20-12 

4-58 

3-80 

0-34 

0-22 


1 . 

2 . 

3’. 


rrnlitisod qnnrl/.-dolovite (20464), near Roads Board quarry, Arraadale._ 
Uralitised qmn t:'. dolei-ite, Toodyay^ Western Australia. (Prider, 1938, p. 95.) 
Epidiorite (uralitise<l quartz dolorite), Bieklejq Western Australia. (Clarke 
and Williams, 1926, p. 173). 

4 . Quartz dolerite (average ot 6 .inalyses), Wliin Sill, Northern England. 

(Holmes and Harwood, 1928, p. 530.) 

These rocks are tlierefore be.st described as eonipletely uraliti.sed quartz- 
dolerites. An analysis of the ty])ical specimen described abovq' i.s given in 
Table l\'. where it is compared with other nralitised qnartz-dolerites from 
Western Austi'alia and with the average composition of the Whin Sill. 

It will be seen that the analyse.s of the throe Western Australian (inartz 
dolerites are v(‘ry similar, So far as is knoAvn, these rocks all belong to 
the same period and ai-e all intrusive into the granitic rocks of the Darling 
Range. In compari.son with the normal finartz dolerites (as exemplified 
by the AVhin Sill rocks), they are somewhat richer in iron, lime and mag¬ 
nesia and correspondingly slightly poorer in siliea and soda. 


(iii) MicroporphyrUic epidiorite. 

The. occniTcnce of this rock as a narrow' intrusion into the chlorite- 
albite epidiorite has been noted above. The rock is greenish and extremely 
fine grained ami has a microporphyritic texture with eqnidimensional pheno- 
erysts of nralite (? after pyroxene) up to Vg nnn. diameter (often aggre¬ 
gated to form glomerophenocrysts), and tiny plagioclase laths to Vg mm. 
long, in a fine grained ground of i)lagioclase, epidote, zoisite, nralite and 
pale browni.sh biotite. The fibrous nralite of the phenocrysts is very pale 
in colour with similar pleochroism to that in the quartz dolerites, and it 
shows i)atchy alteration to biotite. No original pyroxene is visible. This 
type appears to be closely related to the quartz dolerites, of which it is a 
fine grained porphyritic r(q)resentative. 

(iv) Biotite epidioriten. 

This ty])e of i-ock has Iji'en noted in two place.s only-—as a narroAV d.vke 
(four feet wide) intrusive into the hybridised gneiss in the Roads Board 
quarry' and as a narrow dyke (10 inehe.s wide) intrusive into the slates in the 
Slate (piarry. The occurrence in the Roads Board quarry appears to be 
an offshoot I’l'oin the larger nralitised quartz doleiate to the south-east 
(described above) but this is by'^ no means ceifain. It is definiteW intrusive 
into the hybifid gneis.s, for it truncates the banding sharply^ and cannot be 
one of the l)a.sic xenoliths (which it re.semblcs uiineralogieallyQ. 

It is a fine even grained greenish rock showing little, if anyq sign of 
schistose .structure. I'lider the inicroscoim it is seen to consist of a fine 
allotrioinorphic granular aggregate of broAvnish-green biotite, plagioclase, 
epidote (and zoisite) and pale green amphibole with aeeessory leueoxene 
(after small ilinenitc gi'ains) and (piartz in small angular grains. 
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Tile biotite is a brownish green variety with plooehroism X j)ale yellow- 
green, Y = Z deep brownish-green, and absorption X ^ Y = Z. The 
axial angle is very small (almost uniaxial) and j8 ~ 1.(128 ± .002. In 

parts of the rock it occurs in clotted aggregates with a decu.s.sate structure, 
appearing to bo eitliei’ xonolithic or i-eplacing- forromagnesian phenocrysts. 

The anijjhibole is a pale greenish, .slightly pleoehroic uralite with 
Z /\ e ~ 16°. The plagioclase has mostly been replaced by granular 
epidote and zoisite, but rare small laths of imtwinned albitic plagioclase 
remain. 


This rock, in its high biotite content, differs considerably from the 
uralitised quartz dolerites of the area. An examination of specimens col¬ 
lected from across the dyke showed that the edges are very rich in biotite, 
which is present to the exclusion of the amphibole, the rock consisting of 
biotite, epidote {and zoisite) and minor amounts of leiicoxeiie, albite and 
quartz. The biotite here is in flakes to 0.25 nmi. diameter, which is large 
compared with flake.s in the central parts of the dyke, and is often aggre¬ 
gated into clots. At three inches in from the edge the sti'ucliire is the same 
Avith clotted biotites in a ground of biotite, epidote, zoisite and amphibole 
Avith accessory lencoxene and quartz. In the centie of the dyke the grain 
is slightly coarser and the main ferromagnesian is the pale blnish-green 
amphibole Avhich is in excess of the brown-green biotite. Angular grains 
of quartz arc also more abundant. The miiieralogical variation tliroughout 
the dyke may be shoAvn by the folloAving estimates of the miiieralogical cora- 


of the different 
iges) 

rocks examined (flgnro.s quoted are 

Edge of dyke. Sin. in from edge. Ceiitw 

Biotite 

65 

50 

22 

Amphibole ... 

Nil 

15 

40 

Epidote + zoisite ... 

30 

so 

30 

Lcueoxene ... 

1 

1 

1 

Albite d- quartz 

4 

4 

7 


An analysi.s of the specimen from 3 inches from the edge of the dyke 
yielded the result shown in Table V. It will be seen from thi.s taiile that 
chemically this rock appears to be more closely related to the chlorite-albite 
epidiorite than to the quartz dolerite, the pnly difference hetAveen analyses 
1 and 2 being in the alkalies, the biotite epidiorite being ('xcejitionally rich 
in potash Avhile in the chlorite-albite epidiorite soda is considerably in excess 
of the potash—it may be noted here IioAveA^er that ceitain spc'cimens of the 
chlorite-albite ejiidioi’ite that Avere examined .shoAved considerably more biotite 
than the specimen analysed. 


Wiseman (1934, p. 401) has noted the production of biotite in the 
peripheral jiarts of an epidiorite sill at Loch Fyne, Scotland, and he con¬ 
siders that both chlorite and biotite liOAm been iiroduced during- the shearing 
of the epidiorite mas.s during which proces.s some pota.sh has been intro¬ 
duced by frc'cly circulating solutions thus leading to the formation of biotite. 
In the Armadale rock there is but little evidence of shearing but the biotite 
rich peripheral parts of the dyke are similar to the occurrence described 
by Wiseman. This dyke is intrusive through a considerable mass of the 
biotitic hornfels in the south-eastern corner of the quari-y and may have 
picked up some potash from this source. HoAvever the complete absence 
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Table V. 


1 . 

48-88 

16-18 

:p()(j 


9 


8 . 

48-83 

13-46 

2-88 

10- 29 
8-03 

11- 9a 
1 • 32 
0-50 
1-39 
0-08 
1-24 
0-07 
0-18 
Nil. 
0-08 

n.d. 




,MgO 

('a(J 

Na.,0 

K,() 



11-00 


6-87 

4- 79 
0-96 

5- 32 
1-24 
0-33 
1-49 
0-14 
0-16 
0-14 
0-03 

n.d. 


47-08 

14-78 

1- 32 
13-80 

7-45 
4-24 
3-10 
I - 03 
3-89 
0-22 

2- 49 
0-41 
0-31 
Nil 
N,.l 
0-14 


100-59 


100-26 


100-30 


Aunly-st: R. T. Prider. R. T. Pridcr. R. T. Pridei-. 


1. Biotite epidiorite (20188), tliree inches in from edge of dyke, Roads Board 

quariy', Armadale. 

2. Chlorite-albito epidiorite, Armadale. (Quoted from Table III.) 

3. IJruiitised qnartz-dolerite, Armadale. (Quoted from 'fable IV.) 

of amithiholc' from the edges of tliis dyke seems to indieate that it has been 
entirely ret)1aced by biotite and it seem.s most pi'obable that end phase 
potassic solutions have been active in these narrow dyk('S. There is no 
(h'tinite evidence to say to which of the other types of basic intrtisi\'e this 
type is ndated but the chemical dala indicate that it is most i)ro])ably related 
to the chlorite-albite epidiorite. 

'Pile rock from the nara-ow dyke in tlie slate quaia-y is very similar to 
that occurring- on the (*dges of the dyke desei-ibi'd above with the exception 
that it is s(nnewhat schistose, and very rich in biotite. 

(F).—27m q'mrts ocim. 

In th(' granitic gneisses there are two .sets of ({uni'tz veins as described 
in the first section of this paper. So fai- as can be seen by microscopical 
examination these veins are similar—they appear to be replacement bodies 
in ,sh(‘ar zones in the .granilie rocks, .similar to those noted in the Darlington 
Area (Clarke and Williams, 192(), j). 174). 8t>ecimens from the north-west 
striking- veins dOO yards .south-west from the Narrogin Inn, show that in 
places it is a (jiiartz .s(‘ricit<! rock which in places has small iroiistained cubic 
ca\’ities from which pyrite has weathered. One specimen fi'oin hero con¬ 
tained a considerable amount of a tine aeicular miiiei-al which is developed 
in mimerons small radiating clusters. Th(>se small needles are colourless, 
have straight extinction and negative elongation and appear to be dravite 
similar to that described by Simi)sou (1931, p. 141) from various (piartz 
veins in the granitic rocks of the Darling Range. 

The. large quartz outcrop near the .south end of the area may be taken 
as i-(‘pr<‘sentative of the north striking veins. At the surface it appears to 
be a coars(! grained white quartz in some plac(‘s containing- daiker coloured 
strings of slaty material which under the microscope is seen to consist largely 
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of SRi'icitic mica. This dark coloiii’cd material, xciiolithic in the vein Quartz, 
was analysed and the analysis is shown in table VI., and it will be seen 



1 . 

Table VT. 

2 . 

3. 

4. 

•SiO.,. 

47-54 

43-37 

65-22 

65-22 

A 1„03 

Te.>0, 

29-01 

.33-19 

19-22 

16-71 

3-.59 

1-95 

2-38 

1 -93 

Feb. 

1-33 

1-00 

0-88 

3-23 

MgO 

1,53 

1-36 

1-01 

2-87 

CaO. 

Nil 

Nil 

Nil 

0-05 

Na.,0 

0-09 

1-03 

0-06 

0-76 

K.,6. 

10-25 

10-17 

6-79 

5-98 

H.;o+ 

4-42 

\ „ /Los.s on 

/ ignition. 

2-93 

2-12 

RoO— 

0-06 

0-04 

0-16 

cd,. 

0-03 

0-02 

0-05 

Tid, 

0-85 

0-33 

0-5(i 

0-35 

p.>o;, 

Nil ■ 


Nil 

0-08 

MnO 

0-12 

» ♦ • 

0-07 

0-03 

BaO 

1-01 


0-67 

0-11 

Cr^O.. 

0-02 


0-02 

0-01 

v„o.t 

0-13 


0-08 

0-03 

sdj 

0-07 

... 

0-05 

0-11 




0-05 (Graphite) 

100-0.5 

100-14 

100-00 

99 • 80 

Analyst: H. 

P. Rowledge. 



C. R. Le Mesiiricr. 


1 . Sei-icite schist (19481), (dark patches xenolitiiic in quartz vtnii, from which 

all vein quartz has been removed), near Bedfordale Road, Armadale, 

Aval. H. P. Rowledge. 

2. Mmscovite, Bainle, Norway. (Amer. Jour. Sr., vol. 24^ p. 259, 1919). 

3. Analysis 1 with SiO^ made up to 05.22% and the remaining oxides recalculated 

to sum to 100. 

4. White shale, Armadale, Western Australia (quoted from Table 11.). 

that it is very siinilai' to the analysis of muscovite. A noticeable feature of 
the analy.sis is the high baryta content, and the presence of very little SO 3 
indicates that it is not in the form of barite but must be in the mica. No 
barite was visilile in the thin sections examined. Ploater.s of this sericitic 
material can be traced for some distance in a northerly direction and this 
aiipears to be a shear zone in the granitic rocks along whicdi replacement 
quartz veins have been formed. The other possibility is that this band of 
sericitic material is an infolded portion of the Cardu|» slates along which 
quartz has been introduced. Comparing the analysis of the sericitic material 
with that of the white slate (table VI, col. 4) the main difference is seen 
in the amount of SiO„. If .silica is added to the sericite schist to liring it to 
05.22% and the remaining oxid<\s recalculated to sum to 100 (col. 3) there 
is seen to be a close agreement, the main differences being' in llu* higher FeO 
and MgO in the slate (due to chlorite), th«> different proportions of the 
alkalies and the highei' BaO content of the sericite schist (this seems to be 
a significant feature as the BaO in the sericite schist must be in the mica— 
in this connection it is interesting to note the comparatively high BaO 
content of the hybridised gneiss in table I.). It must be noted that the 
products of sericitisation of alkali felspar are similar to those accumulating in 
certain fine grained argillaceous sediments (especially illitic clays) so that 
a compari.son of the.se analyses, which are both of highly .sericitic rocks, 
doe.s not convey any real information regarding the origin of the sericite 
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sclii.st. TIu' |)r<'.s('iico of similar quartx-.scririte rocks associated with the 
north-west system of (jinirtz veins^ which in view of tlnnr disposition in the 
held, cannot he regarded as infolded portions of the Cai'diip slates, wonld 
appear to indicate that both groups ot veins are of siindar origin, i.e., 
j-eplaceinenls along shear /ones. Phis is supported by th.e ahscuice in the- 
vicinity of the (piart/ blow at the south end of the aiea of other remnants of 
the CardLi|) series, for if the slates were infolded then a considerable portion 
of the more arcmaci'oiis sediments underlying them must also have been 
infolded—no trace of these lannains and the evidejice is oveiavhelmingly 
again.st the ])ossihility that this band represents an infolded portion of the 
Card up slates. 

A similar (|uartz vein in the granitic, gm'iss near the contact with tlio 
sediments of (he Carduj) Serie.s has b(‘en noted near Kelni.seott. This occur¬ 
rence is e\-]K)scd in a small road cutting on a road leading east from the 
town.site. The exact position of the sediment-granite contact cannot be 
located as (;X|)osui'e.s are very woatlieiH'd and poor. The slaty Cardui» rocks 
are exposcal in several small pits and, as at Armadale, dip steeply to the 
west. Ttie grande contact li(;s ap))i‘oximately 200 feet east of these pits 
and about 200 feet east of the contact there is a (piart/ vein 'whic.h .strikes 
200° and dips steeply to the east. It is borderial by sheared material wdiich 
at first sight appears to he slate but when closely examined is seen to have 
a '‘lensy” structiii'c and not the well bedded character of the slate. Although 
the material was too weathered for microscopic examination it appcai-s to 
be a sheared granitic rock rather than the Cardu]) slate and the occurrence 
is launarkahly similar to tliat at Armadale. The shear zone in the Kelmscott 
occurrence, is aiijiroxiniately 10 yards wide. 

Returning to a consideration of the la rge tpiartz blow--in places it 
has a. hand(‘d appearance where the ejuartz has been injected along the 
sehistositv planes of the smlciti' schist (plate 2, fig 2A). Below the surface,, 
the v(>in is rei)re.sented by a quartz muscovite rock not unlike a fine grained 
greisen, the muscovite here having been recrystallisial. The massive quartz 
of Ihe V(ln has all been strained (plate 2, bg. 2B) and is, in this respect, 
similar to that ot the, north-west gron|). This straining may have been 
effected during the inovernents wdiicli tilted the Cardu|) Series. 

iVll the evidence availalile, both chemical and petrological, suggests 
that the nortli-wmst and north groups of quart/ veins in the gneissic rocks 
ar(‘ similar in character and were formed during the same [leriod along 
slnmr zones whicli are devdoped in a la^gnlar pattern and that these veins 
were sulijectc'd to post-crystallisation .strc.ss. 

Turning now to a consideration of the quartz A-eins in the Cardup- 
slates—no actual vein in situ was seen in this area, although the presence 
of heaps of quartz fragments in the slate quarry indicates its presence. 
Cam])bell (1910, ]). 29) describes these quartz masses as “biinches of quartz 
vdns up to IS inches dianulm'.^’ They arc probably similar to a larger occur¬ 
rence of vein (piartz in the slates at Cardiip, some miles to the south (Clarke, 
1930, map on p. .160). The (piartz from the Armadale slate (piarry is fine, 
even grained, wliite, and under the microscope is .seen to be an (“([uigranular 
aggregate of allotriomorphic grains (Plate 2, (ig. 2C) which have not suf¬ 
fered any post-crystallisation stress. This vein material therefore apjiears to 
have been formed at a later period than the quartz veins in the granitic 
rocks (which all show' stress effects). The veins in the slates appear to be 
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closely related to a thin seam of siliceous concretions which are (lovelo|»ed 
alon>? the east wall ot‘ the lower Ixuich in the quarry (hg'. 2 )—these concre¬ 
tions occur as tlattened ellipsoidal bulges averaging 9 inches diameter, 
]n'ojeetiug from the bedding’ surface. They have a (‘oncentric slructiire, 
are cut by mnnerous intersecting joints and are eomposc'd almost eiitii'cly 
of fine grained (|unrtz. The texture is alloti’iomoi-phie granular, similar to 
that of the qiiai-tz veins hut mueb finer in grain (average grain size of 
concretions tfO.'l mm. diametei* w'hile that of the veins averages 
0.15 nun.). Although exposuri's h.ere do not [leiunit a definite 
pronouncement that the concretions and quartz veins are genetically related 
it appears jnobable that the vein material re}>resents a more complete segre¬ 
gation and eoarsm' crystallisation of the silica than thi' concretions and that 
both have been formeil by the same process. It is liojied that further light 
will be thrown u|)on the origin of tho.se veins by woi'k now in progress by 
Mr. B. Thomson in the Cardup area. One point howi'ver is clear—that the 
quartz veins in the slates are later than those in tiu' granitic rocks and have 
not been .sti’ained dnring the movements which afrected the Gardup Series. 

Other —Tn the east wall of the slate quai’ry some vi'ry thin vein- 

lets of barite wi're noted in the highly weathered rock which ap]n*ai’s to 
"be one of the basic iiitrnsives. fi’his ocenn’ence is intere.sting since it throws 
some light on the origin (d‘ tlu' barite-llnor veins in the Cardup Series at 
Cardup (Clarke, 19.30, map on page IfiO)- it indicates that the baiite vOns 
are later than the basic, intrusives and were' tbrn’idore ])robably derived from 
the greenstone magma rather than tin* granite magma. It is interesting to 
note here that Sweet (1930, p. 258) consiilers that the barite and fluor 
bearing veins of the iioith of England are genetically rdaled to the (piartz 
dolerites of the Whin Sill. 

On the south side of the Bedfordale Road (outside tlu* area descrilxal 
in this paper) (|uaitz veins containing small amouids of gabma. and 
sphalerite have been found. Tlu'se occurrences have not been closely ex¬ 
amined blit they a))|>ear to be similar to the silver-lead (h'posits of Miindijong 
(Esson, 1927) which are closely associated with a poridiyritic albite epi- 
diorite (albite [Kirphyrite of Esson) which is similar to th(> albite epidiorite 
from Armadale. The suggestion is put. forward here that these silver-lead 
veins and barite-finor veins are genetically related to tin* basic magma rather 
than to the granitic* magma. 


IV. CONCLUSIONS. 

(a) The age of the Cardup Scries. 

The evidence i»reseuted by the cpiartz veins (both in their field relations 
and ])etrology) indicates that the granitic rocks are older than the Cardup 
sediments. This conc'hision is supported by a number of other facts: -(i) 
that the Cardu]! Series is a normal erosion .s<>((uence and is constant in 
character along the strike; (ii) that nowhere liave the “granitIsing’’ solu¬ 
tions been seen to traverse tin* basal beds of the seric-s nor have any 
apophys(*s (such as p(*gmatites or rinarty. veins) becni .seen to pass into the 
sediments', (iii) that there are no rc'innants (xeiioliths) of the sedimc'iitary 
series in the gneisses, the only rcunnaiits being of older basic igiic'Oiis rocks; 
(iv) that no variation in character of the gneiss across the strike*, such as 
Avoiild be e.xpected if a. series of varying lithology were graniti.sc'd, has bc'cn 
noted, and (v) the slight contact inetamorpliic effects noted in the Cardup 
flerie.s are due to the ba.sic intrusions, indeed, the oidy e\'idenee that has 
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l)(,‘C*n found wliicli in any way favours a pre-gTanitc* age for the Cardup 
Si'ries, lies in the pi-es(‘n('e in (he slates of small amounts of idioblastic 
tourmaline, whi<di as dc'seribed above, may equally well be ex])lained as due 
to crystallisation of compom'ids of the original sediment during the earth 
movements which tilted the Cardii|) Series. 

The po.sitiou of the Cardu]) S(‘ries in the Pre-Catubviaii succession of 
Western Australia (as deduced Irom all tin* evidence available in this area) 
is tlu'refore later than the final granite intrusions and earlier than the basic 
igneous intrusions of the Xtdlagine period (late i're-Cambrian). 1 have 
recently had occasion to ('xamiin* a collection of rocks from the Stirling 
Hange S(‘ri('s and from the evidence at present available these rocks appear 
to belong to the same' pcu'iod as the Cardup Series—the field relations of 
the Stirling Range Series have been investigated by Professor E. de C. 
Clarke and further details regarding these rocks will be given in a future 
paper. 

(b) The Ddrliiifj ^‘FaulT’ Scorp. 

The ai'(*a described ahov(^ incliuh's one of the luimerous flat spurs which 
extoid out from the present line of the scarp. Tf the Darling Scarj) is a 
fault scarp (hen the fault shoidd he situated souiewheix' in the vicinity of 
the tip of these pro,ie<'ting spurs. Movements of the magnitude required 
to pi-oduce a downthrow to tln> west of .several thousands of feet (as re¬ 
quired to explain the structure of the coastal plain) should siu'ely be 
Kdlccted in the coiuparalively weak slat<‘.s forming jhe.se spurs. Obser¬ 
vation of all the minor strucduies in the slates of the Aianadalc area indi¬ 
cates in evei-y instance, that the westtnm side has been pushed up and over 
th(^ foek.s lying to the (“ast and a))pears to lu'gative the possibility of any 
large faults with a downthrow to the west in the vicinity. The structures 
are consistent wdth an ext(‘usi\'(! dovvnwarp to the west involving a tilting 
of th(‘ Cardup .Series to the west and minor ni)(hrustiug along the eastern 
margin of the downwarp. J.f this be the case (and it will only be proved 
or disproved by close investigation of (he strnctiires in th<! Cardup Series 
all along the tuee ol the scar(>) then the Darling Scar)), which is one of the 
most ])ronouiiced physiogra]>liic featui’es of south-western Australia, must 
he an erosion feature' due to dift'ere'iitial erosion of a monoclinal fold rather 
than a fault stiuctiire'. 

(c) The Geologicdl nistori/ of the Area. 

The geological history of tlie area, from the evidence jiresonted in the 
foregoing pages, may he summarised as follows:— 

1. Period of granitisation (luring which jire-existing basic rocks were 

])crm('at(y| by granitic ('luanations and the hybrid gneissc's pro- 
duccHl. 

2. Period of granite iidriisiou (aplogranite). 

•J. Earth movements, causing develofiment of shear zones and joint 
pattern in the granitic gneisse.s, followed by the formation of the 
(|uartz veins in the gneisses. 

4. Deposition of tip' Carduji sediments. 

5. Formation of an extensive downwar)) parallel to the present Darling 

Scarp and some distaru'e to (be west, involving upthrusting along 
the eastern margin, development of fraetnre cleavage in the slates 
and tilting of (he sediments to the west. 

6. Intrusion of alhite epidiorite sill into Cardup Series, probably con¬ 

temporaneous with (5). 
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7. Intrusion of the quartz dolerite series of dykes consequent upon 

earth movements affecting- the Cardup Series, 

8. Formation of barite veins as end phase effects of the basic intrusions 

(galena-sphalerite-quartz veins also probably belong to this period). 

End of Pre-Cambrian. 

9. Downwar])ing continuing and sediments being constantly deposited 

in the depression—the only evidence regarding this long period of 
geological time being the tAvo thousand feet (at least) of Cainozoic 
sediments Avhieh underlie the coastal plain and cover up all inter- 
v’ening formations. Block faulting may have taken place (as sug- 
ge.sted by Jutson, 1935, p. 469) during the uplift of the Western 
Australian plateau in late Mioeene times but differential erosion 
of hard rocks of the plateau and the soft rocks to the west of the 
scarp seems capable of explaining the present physiographic 
features. 
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EXPLANATION OF PLATE 2. 

Figure 1— 

Hybrid gneiss from the Roads Board (|uaiTy, Armadale, showing xonolithic 
character ot the gneiss. The xenolitlis are of biotito-horiiblende-epidote 
hornfels (dark coloured) and cpidotie material (light coloured). The 
banded character of some of tliis gneiss is seen in the top left liaiid side 
of the boulder. Quartz xenoliths are present (the coin is lying on one) but 
they are indistinct in the photo. The clinometer gives the scale. 

Figure 2.—Photomicrographs of quartz veins. 

A. Sericitic rock from shear zone in gneiss, with secondary veinlets of quartz 

(from large quartz blow near the Bedfordale Road). Ordin;iry light x 40. 

B. Strained quartz from the same locality as (A). The entire field (and 

almost all of the slide from which this photo was taken) is part of the 
same crystal. The strain pattern is interesting, consisting of subparallel 
lines along wdiich actual granulation has taken place arranged obliquely 
to the direction of slicing’’ or gliding shown by the strain shadows. 
Nicols crossed x 40. 

C. ^^Veiii” quartz from the slate quarry. Occurs as masses in the slates. 

Shores unstrained character and oven granular mosaic structure. Nicols 
crossed x 40. 
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